The two complexes of T7 RNAP whose crystal structures base is partially occupied by Tyr639 and the templating are described here both contained a 30 base pair duplex nucleotide iϩ1 is not appropriately positioned to form DNA whose central eleven nucleotides are not complea base pair with an incoming nucleotide. In fact, the mentary and a 17 nucleotide RNA whose sequence at experiment of adding a nonhydrolyzable ATP analog to the 3Ј end is complementary to the template DNA in the crystals of this initiation complex led to a very puzzling open bubble region (Figure 2A ). The substrate complex result. While the incoming ATP was seen to bind to this also included a nonhydrolyzable analog of ATP, ␣␤ initiation complex, its base was not visible in the density methylene ATP (Figure 2B ), which mimics the incoming map (Cheetham and Steitz, 1999). Although it was ininucleotide in an elongation complex. The structure of tially postulated that the incoming base competed with this complex was refined at 2.88 Å resolution to an R fac ϭ the tyrosine side chain for the same position, it has 24.8% and R free ϭ 29%. Visable in the structure are 22 become clear from the results reported here that the nt of both template and nontemplate DNA as well as 10 complex being studied was of a posttranslocation prodnt of RNA transcript and the ␣␤ methylene ATP. The uct complex that can only bind the incoming nucleotide second T7 RNAP structure captures the product elongaat what we term a preinsertion site. tion complex after the ATP has been incorporated but To gain insights into NTP binding and translocation, before the pyrophosphate product has dissociated and we determined two additional crystal structures of T7 before the heteroduplex product has translocated. This RNAP elongation complexes. One is the structure of a complex was prepared by incorporating 3Ј deoxyadenosubstrate complex containing T7 RNAP complexed with sine triphosphate (cordycepin) as a chain-terminating, DNA having a transcription bubble, an RNA transcript, incoming nucleotide ( Figure 2C ). To prevent the release and a nonhydrolyzable ATP analog, ␣␤ methylene ATP of the PP i product and to ensure the formation of the bound at the insertion site; the other structure is that product complex, PP i was added to the reaction mixture of T7 RNAP complexed with the product of nucleotide and the crystallization solution. The crystal structure of insertion and pyrophosphate (PP i ) that is in a pretranslothis product complex was determined at 2.65 Å resolucation state. These two new structures are in what we tion and refined to an R fac ϭ 25% and R free ϭ 28.5% (see term a "closed" conformation that differs from a "semiopen" conformation of the posttranslocation state by Experimental Procedures). The relatively high R factor T7 RNAP has the same conformation in both the inand the phosphates of the dNTP. Thus, models of the preinsertion complex can be made by orienting an incoming NTP substrate and product complexes, which indicates that the phosphoryl transfer reaction does not coming NTP in a manner corresponding to the position of the dNTP in this DNA polymerase complex, consistent induce a conformational change in the enzyme nor does it promote translocation. The C ␣ atoms of these two with the initiation phase complex ( Figure 3D ). Finally, a preinsertion complex with an NTP analog bound to an structures superimpose on each other with an RMSD of 1 Å . Furthermore, the 3Ј end of the RNA in the product elongation phase complex, which is very similar to the model in Figure 3D , is described by Temiakov et al. in complex and the adenosine monophosphate of the ATP in the substrate complex are both located in the N site, the accompanying paper. indicating that the product complex is in a pretranslocation state.
Comparison of the Pretranslocation and Posttranslocation Complex Structures
The structure of T7 RNAP in the pretranslocation state Posttranslocation Product Complex The structures of the posttranslocated product complex was compared with its structure in the posttranslocation state by superimposing their respective palm domains, were previously determined for both the initiation (Cheetham Figure 6 ). It appears that it is this pivoting movement of the helical subdomain that is responsible for translocation (Supplemental Movie S1 at http://www. cell.com/cgi/content/full/116/3/393/DC1).
The conformational change from the "semi-open" to the "closed" nucleotide insertion structure is accompanied by the movement of the templating base from the flipped out position in a pocket to a position that allows it to base pair with an incoming NTP oriented for insertion. or PP i -induced conformational changes. In this case, tional change in DNA polymerase. They propose that translocation may result from product dissociation from the conformational changes are coupled to prevention the N site and its rebinding with its 3Ј terminus at the of frame shifts that may result in deletions. While this P site. manuscript was in preparation, they published the strucAn alternative mechanism that has been proposed for ture of B. stearothermophilus Pol I large fragment DNA RNAP translocation, the Brownian ratchet mechanism, polymerase ternary complex (Johnson et al., 2003) , differs from the power stroke proposal with respect to which when compared with their previously determined the source of the energy for movement and the manner structure of a binary complex showed similar fingers in which that energy can be used to bias movement in domain and substrate conformational changes to those one direction. In this mechanism, the RNAP can slide presented here. The flipped-out position of the iϩ1 temand oscillate between the pre-and posttranslocation plating base in the preinsertion pocket can prevent temstates driven by the thermal energy of Brownian motion plate strand slippage, which could lead to deletions of all neighboring molecules. The motion in one dimenwithin the copied DNA (Johnson et al., 2003) . 
